This paper presents a methodological approach to analysing combinations of different agricultural policy and irrigation water pricing alternatives. The approach takes into account the fact that farmers consider a broad set of criteria when they make decisions. Policy scenarios are simulated by means of multi-criteria mathematical programming models capable of simulating the future behaviour of farmers. The Multi-Attribute Utility Theory (MAUT) has been chosen as a methodological framework for model-building. A set of relevant economic, social and environmental attributes related to public criteria are also obtained as a way of measuring the efficiency of the suggested policy scenarios. This methodology has been applied to the Duero Basin in Spain.
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important topics of this directive is the article related to water pricing (article 9), that has been proposed as the main economic instrument for dealing with the demand for water in the EU, in order to "provide adequate incentives for users to use water resources efficiently, and thereby contribute to the environmental objectives of this Directive".
Although water pricing is an environmentalist demand, the reasoning on which the instrument is based is purely economic, in the sense that water users (for example, farmers in irrigated areas), according to neoclassical economic theory, would respond to the introduction of (or an increase in) water prices by reducing their consumption, in accordance with a negatively sloping demand curve. The water savings obtained would be redistributed among more productive uses (for example, industrial consumption or leisure activities) or those with a more social profile (environmental uses), according to the preferences of society. Nevertheless, the use of this economic instrument, although justified from the economic point of view, has aroused the opposition of current users (especially farmers) to paying more for the resource. This rejection of the increase of water pricing is also shared by those who prize the social role of the irrigated agriculture in rural areas (rural development). In this sense, before implementing water pricing, we need to consider the social (e.g. rural viability) and territorial (e.g. regional development) effects of this economic instrument on the irrigated agriculture sector.
Besides the introduction of water pricing, irrigated agriculture currently has to adapt to another challenge, the continuous process of reforms of the Common Agricultural Policy (CAP). The latest landmark in this process was the approval of a fundamental reform in June 2003. Among the novelties presented, the "decoupling" of public subsidies received by producers is worth mentioning. Thus, the previous system of public subsidies that linked subsidies to production has been replaced by a single income payment, personally calculated on the base of the subsidies historically received by farmers. Furthermore, it is worth noting that this change in the system of public subsidies is accompanied by a new fall in commercial protection, through a reduction in guaranteed prices to the world markets. With these changes in the support mechanisms the UE is attempting to win greater legitimacy at both internal (vis-à-vis consumers and taxpayers) and external level, harmonizing European subsidies with the regulations established by the World Trade Organization (WTO) regarding international trade.
These normative novelties (WFD and the CAP reform) expose the uncertainty facing the European irrigated agriculture sector in general and Spanish farmers in particular. Indeed, the application of volumetric water pricing that recovers the costs associated with the resource, and the decoupling of public subsidies and the reduction of guaranteed prices, is generating a "price snipping" effect. Certainly, while CAP reduces the protection given to European agricultural products (fall in prices), pleading for a more competitive and market-oriented sector, the application of the WFD will raise production costs due to water prices increase.
It is also worth pointing out that the application of the new CAP and the WFD affect not only the financial viability of irrigated farms, but also the environmental and social functions of agriculture in rural districts (multifunctionality). Therefore, both CAP and decisions related to water pricing should be complementary, with the aim of achieving an appropriate balance among the objectives of economic efficiency, social equity and conservation of the environment, which are usually in conflict, in accordance with the preferences of society as a whole.
Given the importance of the above issues, this study tries to establish a methodology for analysing the impact of water pricing and various agricultural policy scenarios on irrigated agriculture, studying its economic, social and environmental effects. Finally, the study attempts to apply the proposed methodology to the irrigated agriculture of the Duero basin, treating this region as representative of continental irrigated agriculture.
Methodology

Multi-attribute Utility Theory
In neoclassical economic theory economic agents behave as profit maximizers. According to this theory, the decision-making of agricultural producers can be modelled by the maximization of single-objective models. However, real-life observations refute this simplification, and the behaviour of farmers is not adjusted to crop-mixes that produce maximum profit. Indeed, many authors have demonstrated the complexity of farmers' decision-making: e.g. Perkin and Rehman (1994) , Sumpsi et al. (1997) , Berbel and Rodríguez (1998) , Costa and Rehman (1999) , Willock et al. (1999) , Solano et al. (2001) and Bergevoet et al. (2004) . These recent studies all suggest that decision-making is driven by other criteria in addition to the expected profit or its higher moments (risk), such as the maximization of leisure, the minimization of managerial problems, the minimization of working capital, etc. Hence, farmers take their decisions while trying to simultaneously optimise a range of conflicting objectives.
In the light of the above-mentioned findings, Multi-Attribute Utility Theory (MAUT) has been proposed as a theoretical framework for the Multi-criteria Decision Making (MCDM) programming modelling technique that is employed in this study. MAUT, largely developed by Keeney and Raiffa (1976) overcomes the limitations of the neoclassical single-attribute utility function (profit maximization) and take into account other attributes (and their associated objectives) involved in the farmers' decision-making process.
Nevertheless, the main drawback of the MAUT approach comes from the elicitation of the multi-attribute utility function (MAUF), as pointed out by Herath (1981) or Hardaker et al. (1997, p. 162) . First, the mathematical shape of utility functions, and secondly, the estimation of the weights of each attribute, force us to assume simplifying assumptions pragmatically. This thus assumes that MAUFs are additive and linear. For a justification of these assumptions, as well as their limitations, the work of Gómez-Limón and Riesgo (2004) and may be consulted. In mathematical terms, the MAUF considering these simplifications takes the following shape:
Equation (1) where U i is the utility value of the alternative i, w j is the weight of attribute j and f ij is the value of attribute j for the alternative i. In this way the ranking of farmers' crop-mix alternatives is obtained by adding the contributions of each attribute that these producers regard as relevant (profit, risk, leisure-time, etc.) . The weighting of each attribute expresses its relative importance. In order to elicit the additive MAUF the methodology devised by Sumpsi et al. (1997) and Amador et al. (1998) has been utilised, with further modifications proposed by Gómez-Limón et al. (2003) and . In order to avoid unnecessary repetition, we refer to the papers mentioned above for details of this multi-criteria technique.
Multi-criteria models at farm level
The farmer himself/herself can determine the crop distribution, that is, he/she decides what area (x i ) should be devoted to each activity (crop i), as decision variables. This decision-making as expressed through the decision variables is focused in such a way as to achieve the various objectives that are taken into account by the decision-maker, being limited by certain constraints that need to be fulfilled. Decision variables, objectives and constraints are thus the main elements of the model that is described for our particular case study.
Decision variables. The mathematical models developed in this study are static long-term models. Therefore, it is considered that farmers may not only change crops (e.g. replacing waterintensive crops with others with less need for water, or ceasing to irrigate and introducing rainfed crops in order to deal with water-pricing policies), but can also make improvements in infrastructure or invest in new technologies, or change the way in which they cultivate the ground. Bearing these possibilities in mind, the decision variables have been developed as combinations of crops with different irrigation systems and tillage alternatives, as is shown in the following table: Objective function. The long-term models developed to simulate farmers' decision-making take the MAUFs obtained for each farm-type (see Section 2.4) as objective functions. According to the literature, and on the basis of the answers given by the farmers in the survey developed for data gathering, the main attributes in the area have been identified. In this sense, the particular attributes considered a priori by farmers within individual MAUFs are: a) Total Gross Margin (TGM) . The gross margin is considered a proxy for profit in the short term, and producers try to maximize it. b) Risk (VAR). This is an attribute to be minimized by farmers. (TL) . The objective associated with this attribute (min. TL) implies not only a reduction in the cost of this input but also an increase in leisure time and the reduction of managerial involvement (labour-intensive crops require more technical supervision). d) Working capital (K). The aim of reducing the level of indebtedness is also considered as an objective pursued by farmers.
These objectives were included in the objective functions of the different farm-type as follows:
Equation (2) where w j expresses the different weightings of the attributes considered by different farmers, and k j is a normalising factor. It is worth mentioning that both w j and k j have been calculated in a particular way for each farm-type considered.
Constraints. Finally, the following constraints were included in the construction of the models for each farm-type: a) Land constraint. The sum of the land devoted to each crop must be equal to the total land available to each farm. b) CAP constraints. Ten percent of the surface devoted to cereal, oilseed and protein crops (COPs) is treated as compulsory set-aside, as is the sugar-beet quota (maximum surface) as required by the CAP. c) Rotational and agronomic constraints. d) Market constraints. These affect alfalfa and potato crops due to their being perishable products.
The models were fed with primary data collected ad hoc for this study (irrigated land, crop distribution, sugar-beet quotas, etc. at farm level) through a survey and with secondary data (prices, subsidies, etc.) from different public databases. All information regarding the data and the development of the models can be consulted in Riesgo (2004) .
Simulation of the decision-making at farm level. The basic models at farm level described above allow us to simulate farmers' decision-making in the current situation as well as in any hypothetical longterm scenario. To do so, it is necessary to adjust the parameters that defined each model (product prices, inputs costs, subsidies, quotas, etc.). It is worth mentioning here that MAUFs estimated with current situation data may be regarded as structural characteristics of producers. This is justified because estimates of these functions are based on certain psychological and/or cultural features of producers that are unlikely to change in the short and medium term (Gómez-Limón et al., 2003) . MAUFs for each farm-type may thus be regarded as invariable, irrespective of any change in the scenarios. It is therefore assumed that producers will try to maximize these utility functions in the future, whatever the scenario or institutional framework they face.
Economic, social and environmental indicators
One of the principal elements of this study is a set of indicators that allow us to analyze the potential impacts (economic, social and environmental) of the various political scenarios on irrigated agriculture from a public point of view. In fact, they should be regarded as public criteria on which political decisions may be based. These indicators are outlined in Table 3 . The proposed selection is based on the guidelines published by the OECD (OECD, 2001). The indicators showed above will be introduced as "accountants" in the simulation models. In this sense, it is worth pointing out that indicators are deduced from the vector of decision variables (crop plans) chosen by agricultural producers. In fact, these indicators are of interest to policy-makers (public objectives), but in most cases they are not considered by farmers in their decision-making process (they do not constitute private objectives). viability of irrigation to be analysed. This way, it can be considered that any activity is not economically sustainable if it repeatedly produces a negative financial result.
• Public subsidies (SUBSID) . This indicator measures the protection received by agricultural activities. In this sense, this indicator is used in order to analyze how direct subsidies received by the agriculture would be affected.
• Public revenues (PUBCOL). This indicator calculates the revenues obtained by the State from water tariffs, thus allowing the level of cost recovery for the provision of water services to be calculated.
b) Social indicators:
• Total Labour (TL). The extent of employment may illustrate the social importance of the agricultural sector in as a source of income for the rural population, and the distribution of this income.
• Seasonality of labour employment (SEASONA). Labour requirements in agricultural activities are subject to seasonal variations that depend on the crop cycle and the agricultural operations required. During certain periods such as harvesting, there are peaks in agricultural employment, and seasonal labour usually has to be recruited. In this particular case this indicator is measured as the percentage of employment demand during the critical periods of the agricultural year.
c) Environmental indicators:
• Genetic diversity (DIVERS) . This indicator shows the number of different crops on the farm, allowing the level of agricultural biodiversity to be measured.
• Soil cover (SOILCOV).
A lack of vegetable cover is important for agricultural soils, due to the problems caused by soil erosion. The indicator of soil cover represents the percentage of days a year during which vegetation protects the soil.
• Water use (WATER).
Water use is quantified in terms of the quantity of water required by farms, measured in absolute terms per irrigated hectare.
• Nitrogen balance (BALNIT). Excess nitrogen can be harmful to the environment, especially for water quality. In this analysis, nitrogen balance is used as an indicator that calculates the physical difference (excess/deficit) between the nitrogen in the inputs (fertilizers) and outputs (harvests). The difference gives the nitrogen balance liberated to the environment (air, soil and water).
• Energy balance (BALENE). The energy balance is calculated using the same inputoutput framework as for the calculation of nitrogen balance. Adding the energy contained in the agricultural inputs (seeds, fertilizers, etc.) and consumed in farming activities (machinery, fuels, etc.) gives us the total energy contained in inputs. This is balanced against the energy contained in agricultural production. .
• Pesticide risk (PESTRISK).
This indicator provides information on toxic products released to the environment by pesticides. The quantity of toxins was estimated in terms of the biomass of living organisms killed by these pesticides.
For more detailed information about methods of calculating these indicators and the technical information requested, see Bazzani et al. (2004) and Riesgo (2004) .
Aggregation procedure
Modelling agricultural systems at sector level (or at any other level that aggregates individual farms) tends to introduce problems of aggregation bias (Hazell and Norton, 1986, p. 145) . The final result of these models is that the value obtained for the objective function is always upwardly biased and the values obtained for decision variables tend to be unachievable in the real world. These aggregation biases can only be avoided if the farms included in the models fulfil strict criteria regarding homogeneity: technological homogeneity, pecuniary proportionality and institutional proportionality (Day, 1963) . However, if a multicriteria perspective is being considered, an additional homogeneity requirement emerges in order to avoid aggregation bias; viz., homogeneity related to choice criteria. Thus, in order to avoid aggregation bias resulting from lumping together farmers with significantly different objective functions, a classification of all farmers into homogeneous groups with similar decision-making behaviour (objective functions) is also required.
For this issue, we sample 367 farmers as representatives of the study area, which have been grouped following the criteria that respects the homogeneity approach discussed above. To this end, we classified the elements of the sample (farms) according to the irrigated area to which they belong, assuming that this geographical classification allows groups of farms fulfilling technological homogeneity, pecuniary proportionality and institutional proportionality requirements to be obtained. Furthermore, inside each irrigated area a classification of farmers was implemented, considering the functional shape of their MAUFs as the criterion for typification. Thus, the resulting groups of farmers also fulfil the requirement of the homogeneity of decision-making.
Following this approach, we obtained 22 groups of farmers or farm-types that can be analyzed by means of a unique mathematical model for each one. The results of these models may be regarded as appropriate for farmers within each group without aggregation biases (they have sufficient internal homogeneity).
Once we had obtained individual results corresponding to each farm-type, according to the criteria discussed above, we aggregates those to obtain results at basin level. Taking into account that the sample of farms is representative of the case study; the aggregation process has been carried out by weighted summation of the decision variables and the attributes obtained at farm-type level. The weights given to individual values are related to the quantitative importance of each group of farms, i.e. the percentage of irrigated land that represents the total surface of the case study.
Implementation of the WFD. Scenario proposal
In this study we selected future scenarios for water pricing in accordance with the WFD guidelines:
• "Subsidized" price. In this scenario, this considers a price of 0.02 €/m 3 .
• "Medium" price. This price attempts to apply the water cost recovery principle in the irrigated area under study. This way, a price of 0.04 €/m 3 may be regarded as a "fair" value for cost recovery, but it will not be capable of recovering environmental costs.
• "FCR" price. This considers a price of 0.06 €/m 3 . This price would be a tough application of full-cost recovery principle in the basin, including a provision for environmental costs.
In order to compare results, we also considered an additional water pricing scenario for the status quo, characterized by a zero price for water resources (non-application of the WFD).
Agricultural policy scenarios
We have defined future scenarios that can be presented in European agriculture for 2015, assuming certain hypotheses concerning agricultural policy, international trade and environment conservation instruments. The development of agricultural scenarios is based on a review of future scenarios constructed by the UK Foresight Programme for the agricultural sector (Berkhout et al., 1998 and DTI, 1999 and 2002 . Taking into account the above-mentioned framework, we can distinguish four future scenarios for the agricultural sector within this time horizon, as we can see in Figure 1 . We now introduce the individual scenarios, explaining their main features: a) World Agricultural Markets. This scenario emphasizes private consumption and a highly developed and integrated world trading system, emphasising economic development (consumerism) and global integration (globalization). In practice, this scenario assumes a fall in agricultural prices due to severe international competition, as well as a rise in yields of genetically modified organisms (GMO). Likewise the simulation of this scenario assumes a decrease in the costs of agricultural inputs and the disappearance of agricultural public subsidies, also as a consequence of the liberalization of international markets. b) Global Sustainable Agriculture. In this scenario special importance is attributed to social and ecological values (community) in a global economic framework (globalization). Bearing these assumptions in mind, there is a collective action to address environmental and social issues. To simulate this scenario, a reduction in agricultural prices due to very severe international competition is assumed, although this is less acute than in the first scenario. A rise in crop yields and a moderate reduction in public subsidies in comparison with the current situation are also assumed. Finally, the prices of agricultural inputs will tend to increase, especially those considered as "pollutants" (fertilizers, pesticides and fossil energy), due to the introduction of eco-taxes. c) Provincial Enterprise. This scenario emphasizes private consumption (consumerism), but unlike the other scenarios, it takes account of national or regional level policy decision-making (regionalism), in order to reflect local priorities and interests. To simulate this scenario, we have assumed an increase in agricultural prices as a consequence of national agriculture protection policies. On the other hand, agricultural yields will increase due to the introduction of GMO. Finally, agricultural subsidies will be practically the same as the current ones, although the prices of inputs will increase as a result of trade protectionism. d) Local Stewardship. In this situation, regional or local governments emphasize social and environmental values (community) that promote local interests (regionalization). This scenario assumes a significant increase in agricultural prices resulting from a higher degree of protectionism. Nevertheless, it is worth mentioning that in contrast to the other scenarios, the agricultural yields will decrease. This is due to the rejection of GMO and strict controls on the use of inputs. Public subsidies will increase slightly, as well the prices of agricultural inputs as a consequence of environmental taxes charged on the consumption of these products.
Besides these four agricultural policy scenarios, we analysed a further one: the status quo, i.e. the situation of the irrigated agriculture in 2000, characterised by the current agricultural policy (subsidies and trade protectionism), yields and prices. The main purpose of this scenario is to enable proper comparisons to be made between the current situation and the scenarios proposed before.
For a detailed definition of the above-mentioned agricultural policy scenarios (story lines), see Morris et al. (2004) . For an analysis of the implications of these scenarios in the construction of the simulation models (quantitative parameter estimation), see Riesgo (2004) .
Case study
The evaluation of the impact of both water pricing and agricultural policy scenarios needs to be developed in the context of real agricultural systems. The practical application of the methodology proposed above is therefore implemented in the Duero basin in Spain. Within this area 555,582 hectares are used for irrigated agriculture, which consumes an average of 3,500 hm 3 of water annually (about 6,300 m 3 /ha . year). In fact, irrigation is the main user of water in this basin, consuming 93% of the available resources. The rest of the water is used for urban and industrial purposes, consuming 6% and 1% respectively of the total available resources. The preponderance of the agricultural sector indicates that the greatest potential for improving resource allocation at basin level lies in the implementation of irrigation water pricing.
This basin may be treated as representative of the continental agriculture of central Spain, being highly dependent on CAP subsidies and characterized by extensive, low-value-added and few labour-intensive crops (cereals, sunflowers, alfalfa or sugar-beet).
Irrigation in the Duero basin, as established by Spanish legislation, is divided into irrigated areas, internally managed by associations of water users known as "Comunidades de Regantes" (CRs). For this study, given the practical impossibility of considering all of them, we selected seven representative CRs at basin level, covering 51,343 watered hectares (9.2% of the total irrigation in the Duero).
Within each CR the cluster technique was utilised to generate homogeneous groups of farmers. Once this statistical procedure had been applied in each CR, a total of 22 different homogeneous groups were defined as farm-type to be modelled. For more information, see Riesgo (2004) .
The multicriteria methodology described below calculates the different weighting vectors have been applied to each cluster.
Results
The methodology for scenario simulation was applied to various combinations of agricultural policies and water policies (water pricing). For the 20 feasible scenarios (5 CAP alternatives by 4 water prices), this gave us results for each farm-type related to farmers' private decision variables and regarding the public criteria indicators. The results of the simulation of the status quo agricultural policy and zero water pricing (current situation) were used to validate the models, verifying that there were only slight differences between the simulated and real (observed) values.
The huge amount of data generated by these particular analyses can be summarized by integrating all results obtained at farm-type level into basin level, taking the Duero basin as a whole. These aggregated results are shown in Tables A1-A5 in the Appendix.
Economic indicators Total gross margin (TGM).
Taking into account only water pricing impact, and assuming an agricultural policy scenario equivalent to the status quo (Table A1) , we can observe how this economic instrument implies an important loss in farmers' income, generating reductions in the TGM from 21% for a "subsidized" price to 54% for the "FCR" tariff. This drop in the profitability of irrigated agriculture has two possible causes: first, the rise in payments of water tariffs to the State and second, the withdrawal of activities that generate greater profits, usually with higher water demands (maize, sugar-beet or alfalfa).
If the remainder of the agricultural policy scenarios (Tables A2-A5 ) are also considered in the analysis, the greatest losses in farmers' income will result from the World Agricultural Markets scenario. These maximum losses in TGM range from 60% for the "subsidized" price to 90% for the highest tariff considered. On the other hand, water pricing would cause the lowest decreases in TGM in the Provincial Enterprise scenario, from 4% for the "subsidized" price to 40% for the "FCR" price. These falls in farmers' income might well lead to a considerable drop in the competitiveness of irrigated agriculture, which in turn might involve the withdrawal of a large proportion of farmers from Duero basin agriculture.
The conclusion that can be drawn from these results is that irrigation water pricing always causes a considerable decrease in the profitability of irrigated agriculture, but agricultural policy is the main driving force that determines farmers' income (TGM). This circumstance is especially marked for the case study analysed here, where agricultural systems are mainly devoted to continental crops, which are highly dependent on public subsidies.
Public subsidies (SUBSID).
The evolution of the subsidies indicator is also analysed in the tables in the Appendix. It can be seen that a rise in the price of water would lead to a decrease in the public support to the irrigation sector. This is due to the changes in the crop mixes due to water pricing. Such drops in the subsidies received by farmers are caused by the withdrawal of the most water-intensive crops (for example maize), which normally attract higher subsidies. In the current agricultural policy scenario (status quo), these decreases in public subsidies range between 2% ("subsidized" price) and 9% ("FCR" price).
The behaviour of this indicator follows the same pattern in all agricultural policy scenarios. In any case, it can be seen that the greatest fall in public subsidies is produced by the World Agricultural Markets scenario. In this context, CAP subsidies would disappear. This is the reason why this scenario is the most favourable one for the public budget, regardless of water price. On the other hand, the status quo would be the most favourable scenario for farmers (least loss of subsidies) for water tariffs between 0.02 €/m 3 and 0.04 €/m 3 . For the implementation of higher water tariffs (0.06 €/m 3 ), the Local Stewardship scenario would generate the least losses (5%).
In any case, it is convenient to point out that the agricultural policy scenario is much more relevant than the water pricing policy in determining the value of this indicator.
Public revenues (PUBCOL).
When the hypothetical water tariffs are analysed in the current agricultural policy scenario (status quo), it can be seen that an increase in water pricing would lead to a rise in public-sector revenue. However, this rising trend reaches its maximum value at a water price of 0.05 €/m 3 , where revenues received by the State would reach 206 €/ha . year. Beyond this tariff, public revenue begins to decrease. We may therefore observe that if "FCR" price is applied instead of a "medium" price, public-sector revenue would have decreased (from 197 to 193 €/ha). In any case, in order to reach a final conclusion about the efficiency of each water tariff, it would be necessary to analyse the willingness to pay of the rest of economic sectors for the water saved in the agricultural sector. Nevertheless if, as it is expected, there was no effective water demand from other potential users of the "new" water available in the Duero basin for a "FCR" tariff (1,400 hm 3 as discussed in Section 4.3.3), the aim of recovering all the costs of providing water services could not be met. In fact, it should be noted that if this were to happen, the economic inefficiency caused by the "FCR" tariff would have to be borne by taxpayers via budgetary transfers to public water agencies.
When water tariffs proposed are analysed in different agricultural policy scenarios, we can see that the highest income to the State is obtained by the Provincial Enterprise scenario, where it would range between 132 €/ha for the "subsidized" tariff and 302 €/ha for the "FCR" price. On the other hand, Local Stewardship produces the lowest public-sector revenue at "subsidized" and "medium" prices (102 €/ha and 170 €/ha respectively), and World Agricultural Markets at the "FCR" price (179 €/ha). In consequence, these two agricultural policy scenarios would be where the water pricing would be least efficient in raising funds.
In any case, we can that water pricing is more important than agricultural policy in determining the revenues collected by the State through water tariffs.
Social indicators Total labour (TL).
Water pricing would lead to a decrease in the employment directly generated by the agricultural sector. For the status quo scenario (Table A1) , it can be seen that any increase in the price of irrigation water would result in a fall in agricultural employment. This decrease is a social cost caused by the substitution of the most water-intensive activities (normally also more labour-intensive) by others with lower water and labour requirements. It is worth pointing out here that for the current agricultural policy scenario a "subsidized" tariff could produce a slight reduction in labour demand (less than 8%), although such decreases might increase for the "FCR" price (even higher than 40%).
However, these decreases in demand for labour would not have a serious impact in the area under study. In fact, these drops in demand for labour in the Duero basin would tend to translate into an enlargement in farmers' leisure rather than a direct fall in employment. At any rate, it is necessary to emphasize the risk of abandoning farming activities due to the falls in both employment and the TGM in the long term.
The impacts of water pricing on this indicator would also vary with respect to the agricultural policy scenarios considered. As Tables A2-A5 show, the introduction of irrigation water pricing would produce higher impacts in the Local Stewardship scenario for a range of prices from 0.02 €/m 3 to 0.04 €/m 3 (decreases in labour demand quantified at 16% and 26% respectively). However, when water tariffs rise, the greatest drop in employment is produced by the status quo scenario (41%). On the other hand, irrigation water pricing would have a positive effect on employment in the World Agricultural Markets scenario for a "subsidized" price (increases of more than 8%). Nevertheless, for higher water tariffs, all agricultural policy scenarios would produce a drop in this indicator. The lowest decreases would thus result from the Provincial Enterprise scenario, ranging from 5% for a "medium" price to 13% for a "FCR" price.
Seasonality (SEASONA).
Water pricing in the status quo scenario has only slight effects on seasonal demand for agricultural labour. Thus, we observe only small decreases in this indicator following successive tariff increases, all of them lower than 4%. It should thus be noted that this economic instrument has little impact on annual distribution of labour demand.
The tables in the Appendix show the influence of water pricing under different agricultural policy scenarios. In fact, the status quo scenario is the least favourable one for the study area at any price of water ("subsidized", "medium" or "FCR"). Consequently, in this scenario water pricing would produce the fewest decreases in seasonality. On the other hand, it can be seen that Local Stewardship would be the scenario where "subsidized" and "FCR" prices generate the greatest drops in this indicator, at close to 16%. If "medium" pricing were to be applied, the World Agrarian Markets scenario would produce the largest decrease in seasonality (17%). This suggests that a positive change in this indicator could be achieved more efficiently by means of agricultural policy rather than via water pricing.
Environmental indicators Genetic diversity (DIVERS).
Water pricing would bring about scarcely any changes in the number of crops included in farmers' crop-mixes. As can be seen in the status quo scenario, this economic instrument would not have an effect on the biodiversity of the study area. Nevertheless, the application of different agricultural policy scenarios would modify this indicator significantly. Tables A2-A5 show the estimated changes in the number of crops within the Duero basin in different agricultural policy scenarios if water tariffs were implemented. On the basis of these results, we might note that the highest impacts would result from both Provincial Enterprise and Local Stewardship scenarios, which have a larger number of crops than the other scenarios.
These results thus underline the fact that the number of crops in the area studied is more dependent on agricultural policy scenarios than on the price of water.
Soil cover (SOILCOV).
As far as soil cover is concerned, if only the implementation of irrigation water pricing is considered (status quo scenario), increasing water tariffs would produce slight drops in this indicator. These decreases could range from 1% for the "subsidized" price to 8% for the "FCR" price. The drop in soil cover would have negative environmental consequences such as an increased likelihood of soil erosion. The changes experienced by SOILCOV because of water pricing are due to the cessation of water-intensive activities, with longer life cycle (more days on the land) such as maize or sugar-beet.
If the other agricultural policy scenarios outlined here are also considered, we may note that Agricultural World Markets would be the most favourable one. The implementation of "subsidized" or "medium" prices would thus produce slight increments in this indicator (6% and 0.3% respectively), whereas for the "FCR" price we can observe a slight decrease (4%). On the other hand, it needs to be pointed out that water pricing would produce large decreases in soil cover in the Local Stewardship scenario, with drops that range from 12% for the "subsidized" price to 18% for the "FCR" price.
Thus, if avoiding soil erosion is a political objective, both policies (agricultural policy and water pricing) should be implemented in order to obtain efficient results.
Water use (WATER).
Analysing the impact of water pricing in the status quo scenario, we can see how farmers would modify their mix of activities when faced with increments in tariffs that have the aim of reducing water consumption. In this particular instance, Table A1 shows the influence of implementing water tariffs on agricultural water consumption in our case study area for the current agricultural policy scenario. In fact, "subsidized" and "medium" prices would generate decreases of 10% and 27% in current water consumption respectively. On the other hand, the implementation of an "FCR" price would produce important savings, reducing the current consumption of irrigation water by 52 percent.
This pattern of water consumption as a result of water pricing is due to the cessation of activities with higher water requirements (maize, sugar-beet and alfalfa) and to the increase in the area devoted to rain-fed activities (winter cereals). However it is worth mentioning that, unlike what was expected, water pricing scarcely favours the adoption of irrigation technology. This circumstance can be justified by the low profitability of irrigation activities and the risk aversion behaviour of farmers. Thus, willingness to invest in irrigation technologies (sprinkler) is really limited in the study area.
As Tables A2-A5 show, irrigation water consumption would also vary among the different agricultural policy scenarios. This way, the greatest savings would be obtained in the Local Stewardship scenario for both "subsidized" and "medium" prices (24% and 37% respectively). If the "FCR" tariff were implemented the highest savings in water consumption would be located in Agricultural Water Markets (56%). On the other hand, the Provincial Enterprise scenario would produce the least savings in consumption for available water tariffs. These savings range from 3% for the "subsidized" price to 26% for the "FCR" price.
These results enable us to affirm that water pricing and agricultural policies are equally important factors in reducing the consumption of irrigation water.
Nitrogen balance (BALNIT).
If the status quo scenario is analysed, it can be seen that the introduction of irrigation water pricing will also affect nitrogen discharges into the environment. This is due to the substitution of fertilizer-intensive activities (maize or sugar-beet) by others with lower nitrogen requirements (rain-fed activities, such as winter cereals or alfalfa).This decrease would thus vary between 13% for the "subsidized" price and 59% for the "FCR" price. The conclusion derived from these results is that irrigation water pricing would be an effective instrument for diminishing non-point source pollution produced by the agricultural sector.
Considering all the agricultural policy scenarios (Tables A2-A5) , it is worth emphasizing that the Local Stewardship scenario would generate the highest drops in nitrogen balance for all water tariffs (between 78% for the "subsidized" price and 87% for the "FCR" price). On the other hand, the status quo scenario would register the lowest decreases in nitrogen balance, regardless of the water price implemented.
These results demonstrate that water pricing and agricultural policies are both equally important in determining nitrogen balance, and thus reducing the risk of non-point source pollution produced by the consumption of nitrogen fertilizers in the agricultural sector.
Energy balance (BALENE).
For the current agricultural policy scenario, we can see that a rise in the price of water would lead to a decrease in energy balance. This drop could thus be greater than 34% for the "FCR" price. This is also due to the changes in farmers' mix of activities; in such a way that rain-fed activities, which are less energy-efficient, increase their importance vis-à-vis irrigated crops. Water pricing would thus have a negative environmental impact, since it would decrease CO2 (greenhouse-gas) capture by the agricultural sector.
The results of all the policy scenarios and water prices produced the energy balance are shown in the tables in the Appendix. We can see that Local Stewardship generates the greatest decreases in energy balance for "subsidized" and "medium" prices (16% and 25% respectively) although for the "FCR" price, the highest drop in this indicator would be placed in Agricultural World Markets (41%). On the other hand, Provincial Enterprise would result in the lowest reductions in energy balance, regardless of the water tariff. These decreases would vary between 3% for the "subsidized" price and 18% for the "FCR" price.
These results imply that in the Duero basin water pricing and agricultural policies are of equal importance in encouraging a shift to more energy-efficient crops.
Pesticide risk (PESTRISK).
In the status quo scenario we can see that chemical toxicity generated by the agricultural sector would also diminish when the price of water increases. As in the other indicator, this is due to the changes in the farmers' mix of activities in the direction of activities with lower requirements for water and lower individual toxicity risk, such as the rainfed ones. As Table A1 shows, this drop would vary between 4% for the "subsidized" price and 17% for the "FCR" price in a policy scenario featured by the current CAP. This way, water pricing could be regarded as an effective instrument for reducing non-point source pollution produced by pesticide consumption by irrigated agriculture.
The tables also show that the Local Stewardship scenario would generate the highest drops in pesticide risk, regardless of water tariffs. These decreases vary among 68% for the "subsidized" price and 80% for the "FCR" price. On the other hand, the status quo would be the most adverse scenario for this indicator, as it would produce the least decrease in pesticide risk due to water pricing (between 7% for the "subsidized" price and 51% for the "FCR" price).
In any case, in spite of the influence of agricultural policies, it appears that water pricing would be the most important policy instrument capable of reducing the risk of pesticide use in the agriculture of the Duero basin.
Concluding remarks
The conclusions derived from this paper can be summarized in terms of methodological and empirical issues.
Within the first set of issues, what is remarkable is the wide variety of management criteria that use to plan their crop-mixes. This fact is what makes it necessary to analyze these producers' decision-making processes under the MCDM paradigm. In this particular case, we chose Multi-attribute Utility Theory as our MCDM programming modelling technique. This methodology can be regarded as a valuable technique for simulating the behaviour of farmers when they are faced with various policy scenarios (e.g. water and agricultural policies). In the second place, we wish to point out the complexity of public decision-making. In fact, policy decisionmaking is a process based not only on achieving economic efficiency, but also on other economic, social and environmental topics of importance to society as a whole and to policy makers. Consequently, like farmers' private decision-making processes, we must assume that the selection of policy instruments is also a multicriteria process. In view of this, we have included a set of indicators that help us to analyze the impacts of both policies in irrigated agriculture in our model building.
The practical application of the methodology proposed was implemented in the Duero basin, which is a typical example of the continental agriculture of central Spain where low valueadded crops that are highly dependent on CAP subsidies are dominant. It should thus be emphasized that the results obtained in this study can be only extrapolated to other similar agricultural systems, such as the irrigated areas of the Tajo or Guadiana basins in Spain.
According to this practical application, it is worth pointing out that CAP is a more relevant policy than water pricing to achieve the objectives of policy-makers in this irrigated area. In fact, in the study area, by an adequate implementation of the agricultural policy, most of the above-mentioned positive impacts dealing with water pricing (decrease in water consumption, increase in public-sector revenues and reduction in pollution generated by fertilizers and pesticides) could be obtained in an efficient manner. It is also interesting to remark that appropriate application of this policy would minimize the negative impacts generated by implementing water pricing, such as the decrease in farmers' income and demand for labour, the increased risk of soil erosion and reduction in the energy balance in agriculture. In sum, we conclude that both policies should be closely coordinated, in order to satisfy policy objectives.
Considering this research as a useful tool for policy advice, it can be concluded that the results obtained in this study confirm the usefulness of a low water tariff (0.02-0.03 €/m 3 ) that favours the implementation of the WFD environmental objectives (efficient water allocation and improvement of water ecosystems). In spite of the negative impacts caused by water pricing, therefore, a low volumetric water pricing might still be regarded as necessary in order to make farmers conscious of the actual value of water to society, and the importance of using it properly. Nevertheless, water pricing should be coordinated with a proper CAP with the aim of avoiding severe negative impacts on irrigated farms and guaranteeing the survival of rural areas (by minimising falls in farmers' income and the demand for agricultural labour). 
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